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ELFCTROAPR  All  RAHS  OF  IAN  A NO  ANIMALS. 


P.  I.  dulyayev,  V.  1.  F.abotin,  N.  Yd.  Shi  i ppenfcak  h. 


Laboratory  of  physiological  cy bornet ics. 


Hypot  hoses  About  the  existence  of  el  octroi*  ag  net  ie  field  in  space 
(in  air)  around  nerve,  muscle,  the  heart,  the  brain,  which  generate 
during  its  activity  alternating  electric  currents,  were  presented 
repeatedly  already  more  than  100  years  ag  o . Tdrwre  ti  v tax  '‘JmnrsFre  l i abbf 
yieasun'l  this  field  on gl  could  not  beYflue  to  the  absence  of  the 

tr^rfepo^Yi e i i > (j u i p me n t . According  to  the  spectral  characteristics  of 
bioelectric  em/i  mpu  lee/ pulses,  frequency  cf  these  fields 

correspond  to  the  range  of  and  long  waves  (from  1 km  and 


more)  . 
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On  this  there  is  a comparatively  small  number  of 

scientific  works,  wher^uponi/cont  radictory  according  to  its  results 
also  in  ma jorit y^not  confirmed. 

The  electric  fluid-  com  ponen  t of  th&frSct  i o n / potentials)  of  the 
isola ted/ievatti-a-t^>i  nerve  of  frog  was  reliably  recorded  for  the  first 
time  in  1749  by  the  Americans  Purr  and  Mauro  (Burr,  Nauro,  194  9), 
Sensor  was  the  extension  unit  of  input  amplifier  s^aije  with  the 
fastened  to  it  metallic  electrode  in  the  form  of  disk.  The 

input  imnedance  of  amplifier  was  on  the  order  of  lO**  ohm;  however,  in 
the  article  it  is  not  shown,  on  which  frequency  it  was^mea su re d,  and 
other  data  relative  to  the  M^Tixi n of  sens^r/g i ven . The  maximum 


distance,  at  which  Burr  and  .lauro 
nerve,  was  12  mm. 


to  record  the  field  of 


At  l.eninqraJ  university  we  carried  out  several  public 
demonstrations  of  the  electric  fields,  appear  inn  in  space  (air) 


around  living  objects. 


( ¥ h 


term  "field"  in  this  case  we  understand 


the  external  electric  field,  which  is 


in  space  (air)  around 


object  (nerve,  muscle,  heart)  because  of  a potential  difference 
between  excited  and  unexcited  by  sections  on  the  surface  of  this 
object.  Demonstrations  were  conducted  in  the  society  of  the 
specialists  - the  biologists,  physicists,  t-he  physicians,  tb^ 


engineers  and  fhe  mathematicians.  The  first  demonstration  took  place 
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on  13  February  108  7 an  3 convinced  the  most  distrustful  speci  al  ists  jtjc 
the  possibility  of  successful  record  ingj^these  fields  at  close  (to  25 
cm.)  distances  from  biological  object.  Recordings  were  conducted  by 
the  measurement  of  the  variable  component  of  the  electric  potential 
of  near  field,  ur.ler  conditions  of  the  screening  of  biological  object 
from  external  electric  (in  essence  electrostatic)  interferences,  in 
the  frequency  ban!  10  Hz  to  10  kHz.  The  notation  of  recording 

electric  field  we  call  e lectroauragram  (EA0). 

Page  160. 

This  term  must  that  is  measured  the  electric  (but  not  magnetic) 

field  in  air  (aura  air,  airspace,  glow),  and  not  in  the  tissues  of 
body  or  the  liquid  media  of  organism.  The  totality  of  the  methods  of 
recor ding  Select  ric  t-he  component^  of  these  fields  we  call 

elect  roauragraphy  or  simply  - aiiragraphy  (liulyayev,  etc.,  1067) 



Respectively,  t h e^#S*o v aT/d r s i u r of  the  potential  of  field  in  air 
we  call  aural  ■rwyj^'ilivwrBaon. 

The  sensor  of  field  (aura-sensor)  , d es lqned  tT>y~~liKpi  rpi  frt  V . I. 
7.abotin,  is  the  highly  sensitive  amplifier,  t.o  en  t^Tncp  of  which  is 
connected  metal  electrode  - probe.  The  amplifier  of  the  aura-sensor, 
in  turn,  is  high-speed  electrometric  repeater  with  low  inherent 


noise  level  and  high  input  impedance.  It  is  constructed  according  to 
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the  gchn^i Hfr  of  complex  cathode  follower  according  t o parallel 
i r (Gribanov,  1961;  Brewer,  1953;  Krakauer,  1951).  Tho 
calculation  of  these  schematics  is  giver,  in  the  book  of  K.  E.  Erqlis 
and  I.  P.  Stepanenko  (1964).  The  aura-sensor  is  constructed  on  Soviet, 
tubes  FH-4  and  17h-19B  and  is  structurally  designed  in  the  form  of 
extension  unit  with  si-**»yd  i men  sions  of  15  OX.  70  X 40  mm.  As  probes 


are  used  interchangeable  metallic  disks 


diameter,  connect 


ad 


0.2  to  10  cm.  in 


<r  so* 

m the 


of  the  amplifier  of  the 


aura-sensor.  The  input  capacitance  of  amplifier  was  0.0B  pF  luring 
resistance  10‘*  ohm.  The  ^itt-aa  1 -wi  PITs the  inherent  noise, 
converted  the  -iV  r/an^--*  of  amplifier  in  the  frequency  band 


</ 

converted  *trr  the  - n fjft of  amplifier  in  the  frequency  band  ftpti  10 
to  500  Hr,  comprised:  ug*en  the  short-circuited  c&ffian^e  - less  than  7 


M V , with  diameter  of  probe'6  and  0.2  cm.  0.1  and  0.5  m v 


respectively.  Signal  from  the  output/y  ieltl  of  sensor  entered  the 
« • /v 


asymmetric 


e of  two- beam  oscillograph  with  the  maximum 


sensitivity  of  60  pV/mm.  To  the  second  ray /beam  could  simultaneously 

/ / si , a ^ « 


be  u yfj  pT  1 p d any  other  signal.  The  gain  control*  and(  band  (^produced  in 
the  amplifier  of  oscillograph.  In  parallel  to  the  out  put  ,*y iold  of  the 
aura-sensor  they  connected  e lect  r on- 1 ube  m i 11  i vol  t meter  w i t h -a-erfut 


reading  for  recorling  super-slow  fluctuations  of  field  (0.1-1  Hr).  To 
the  o u t p u t /yie+d  of  oscillograph  could  be  connected  the  sound 
producing  recording  "on  the  audition"  of  ♦■he  signals, 

entering  from  th?  out  put  /yield-  of  sensor.  Investigat  ions  were 
conducted  within  the  shielded  grounded  chamber  t»y  m eo /d  im  on  si  ons  of 


....  . . IV.  > ■'p-v  .» 
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21S0  X 6f>0  K6S0  ram,  t>y  t hw  made  from  sheet  ircnirthickness^O.  fl  mm; 
one  side  of  the  chamber  was  curtained  b/  iron  grid  - blind.  Within 
the  chamber  was  >r  rungrt/l  ocated  the  aura-sensor  and  tne  investigated 
object,  pnt irf /a l 1 remaininj  equipment  was  placed  outside  the 

chain  her. 


INVESTIGATIONS  ON  F?OG. 


Investigations  on  the  isol  ated/iewulat-^d  nerve.  One  of  the 
installations  for  the  r^rooval/divoriM«*»n  of  the  FAG  of  the  nerve  of 
frog  (n  ischiadicus,  P temporaria)  is  similar  to  that.,  t4m-t  was 

* V 

described  in  the  work  of  the  American  researchers  (Burr,  Nanro, 

1940)  . Nerve  was  atr*Bt»e/located  horizontally,  at  a distance  of 
approximately  S cm^  from  the  grounded  surface  (Fig.  1).  Essential 
supplement  was  the  shielding  of  the  4ft  ^t.a  1 t id.  s ect  i on  of  nerve,  than 
was  possible  to  completely  remove  the  field  of  the  artifact  of 
stimulation  and  fid  record  1 t_ho  1 y /'  f ield  of  nerve.  Figure  2 depicts 
t hose  (obt  a in ed  by  us^EAG  of  nerve. 

Is  determined  the  experimental  dependence  of  the  intensity  of 
field  from  distance  *-o  nerve  (Fig.  1),  expressed  directly  in  -t-he 
values  of  the  fundamental  characteri st. ics  of  field  (potential. 
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in  tensity /otrength)  . It  is  similar  to  the  dependence,  obtained  by 
Purr  and  flauro,  where  the  function  of  distance  was  the 
voltage  /-a  t rw  *s , lirected  at  the  of  their  amplifier  of 

sensor. 


Pag*  161. 


Fig.  1.  "*?asuring  circuit  of  the  elect ropotent ial  of  the  field  of  the 
sciatic  nerve  of  grass  frog  in  air.  1 - the  sciatic  nerve  ot  frog;  2 

- the  discharge  probe;  1 - the  preamplifier:  4.  silver  plate;  S - 

■•tal  screen;  6 - fcb*  stimulating  electrodes;  7 - working  chamber;  8 

- support/morket  made  of  orqamt-o  glassf^^*- 
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Fiq.  2.  Fl  **c*-  roaur  agr  a ms  (FAG)  and  electroauracar  iioqrans  (FAKG)  of 

frog.  a)  is  the  iso  1 a»  ed/in  sul  at  ed  sciatic  nerve,  recording  from 

W 

distance  6 mm,  prob®  is  a disk  &<  1.2  cm.,  the  band  of  frequencies 


Af  = 10-500  Hz, 


(♦)  (learn  deflection  upward  corresponds  to 


the  development  of  the  electrical  positiveness  of  th3  potential  of 

'if'' 

♦•he  field  of  nerve);  b y the  same,  recording  from  distance  61  mm  (t» 

■A, 

EAG  are  noticeable  the  inherent  noise  of  aura-sensor)  ; c y t.  he 

neuromuscular  preparation  of  frog  (sciatic  nerve  - calf  muscle), 

recording  from  distance*  mm  above  muscle,  the  filter  of  passband  is 

,<c-v 

ostahli .-rh /in st  ailed  t-o  tip  maximum  of  amplification  at  frequency  500 
Hz,  probe  - disk  ^ 1.2  cm.,  4^'nTffi'r'' o?  (♦)  ; d^is  the  same,  recordinq 


'"h  \ - 

from  dis*a  r.ce^ft  1 mm;  ej 


heart,  recordinq  from  distance  2 mm  ir. 

/O 


Hie  air  above  the  head  of  ventricle,  Af  = 5-50  Hz,  probe  io  -a  disk 
p. 5 cm.,  (♦)  : t ) the  same  from  distance  of  20  mm,  probe  1 
ti  disk  6.5  cm.  from  current-conducting  paper. 


Key;  (1).  Nerve.  (2).  ms.  (3).  Muscle.  (4 ) . mV.  (5).  Heart.  (6).  s. 


Fig.  3.  Graph/d i a j ra m of  the  experimental  dependence  of  the  amplitude 


of  the  potential  of  the  field  (V)  of  th«  sciatic  nerve  of  frog  on 
distance  ( r)  . Probe  io  —a  disk  1.2  cm.  Vertical  lines  - the 

boundary  of  the  scatter  of  experimental  points  for  six  preparations 
(with  r = 14.1  cm.  is  made  only  one  measurement);  dotted  line  is  a 


section  of  curve,  calculated  from  the  approximating  equation  and 
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diverging  ^Ijbh^'expe rimental  curve  (sol'id  line} 


V 


Key:  (1).  Potortial,  mV.  (2).  Distance, 


Page  162. 


We  have  found  the  formulas,  which  approximate  this  dependence  and  the 
numerical  coefficients  with  them: 


Y--  _ A « 

(r  + /Ci)2 


E- 


2 K, 


(r  i KiV  ’ 


where  V is  amplitude  of  the  potential  of  the  field  of  nerve  (mV)  ; F - 
the  amplitude  of  the  strength  of  the  field  of  nerve  (mV/cm):  r - 
distance  upward  from  the  middle  of  nerve  (cm.)  ; K,  = 111  (mV  • cm?)  ; 

K 2 - 1.48  (cny)  - constant  values. 


more  detailed  measurements  of  field  in  the  different  points 


of  the("whirh  surrounds  nerve  f x> ee  were  conducted  with  the  ’id  of  the 


stimulating  device  (Fig-  4)  of  ti#  special  te,  where  the 


nerve  was  suspended  vertically  approximately  in  the  center  of  the 


volume  of  the  chamber,  i.e.,  at  the  maximum  ro  m o v a-1  /d  i s t a n ce  from 
metallic  walls.  Tn  this  case,^as  provided  power  feed  to  the  nerve  of 


L/*ti-tetr=fc»d 


the  wetting  physiological  solution.  It  is  reveal/afe  tented  that  in 
this  position  the  rotation  of  nerve  around  its  longitudinal  axis  had 


T** 
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no  effect  on  amplitude  and  form  of  F A II ; consequently,  the  field  of 
nerve  is  axisymmot uic.  Are  experimentally  acquired  data  on  t he 
dependence  .of  the  decrease  of  the  intensity  of  the  field  at  nerve  or. 
distance  horizontal  on  its  riddle  and  on  vertical  line  on  free 
on  d/1  end.  Ts  given  el ect rot ech nica 1 analysis  and  explanation  of  forms 
and  differences  in  the  torn  of  the  FAU,  absttaet/remoyod  at  the 
different  points  ot  space  around  netve  (Zabctin,  19n*i). 

Fx  per  i ment  a 1 l y the  obtained  dependences  of  ttie  a m p^l  i t u 1 -*  of  field  on 
distance  1m  n I n iT  in  good  agreement  with  those,  t4m*£hav*»  obtained  we  | 
thooret  ica  1 1 y,  on  the  basis  of  t-be  methods  of  tin*  solution  of 
problems  in  elpctrostatics. 
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Fig.  4.  Installation  diagram  for  the  r eroo v a 1/ 4-i vu r n ion  of 
electroauragram  with  tho  vortical  suspension  of  nerve.  1 - nerve;  2 - 
cylindrical  screen;  1 - the  stimulating  electrodes;  4 - the  grounding 
plate;  S - probe;  <>  - the  shielded  cable;  7 - aura-sensor;  8 - the 
shielding  chamber;  7 - vessel  for  the  collection  of  the  wetting 
solution. 

Key:  (1).  To  stimulator.  (2).  Physiological  solution.  (1).  To 
osci 1 lograph. 


Page  16  1. 


A 


significant  (in  volume^  part  of  our  investigations  was 

allotted  to  the  question;  are  not  the  obtained  recordings  the  result 
of  action  on  the  aura-sensor  of  the  disregarded  factors?  The 

appl icat ion/ser  of  usual  physiological  methods  of  investigation  for 
the  artifacts:  the  cutting.of  nerve,  the  wetting  of  it  with  ammonia, 
the  replacement  by  "t^e  t*lr«-ment , moistened  with  physiological 
solut ion^  'fcf  led  to  the  disappearance  of  field.  At  the  same  time 
the  FAG  of  undamaged/un  in  jur-od  nerve  d ist  irtet'^yl'ob  served  such 


phenomena  as  refractoriness,  the  thresholds  of  amplitude  - duration 
and  otherf,  twke  well-known  (to  elect roph ys iologist s') laws.  The  latter 
indicates  that  the  electric  field  is  the  data  carrier  about  the 
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physiological  state  of  nerve.  Was  investigated  also  the  effect  of  the 
mechanical  vibrations  of  the  nerve:  rapping  by  solid  object/oub ject 


against  the  support/e-eck-et , on  which  was  fi 


the  nerve,  the 


reproduction  of  loud  sounds  near  nerve  and  aura-sensor.  Finally, ^was 
conducted  the  replacement  of  nerve  by  bare  metallic  wire,  to 

which  was  stfpp-rteil  t he  voltageVlO  mV;300  Hz  frequency;  in  this  case 


the  amplitude  of  field  and  the  c4 


'nature  of  its  dependence  on 


distance  remained  the  same  as  and /during  the  passage  of  nerve  impulse 
along  nerve.  It  is  calculated,  that  the  amplitude  of  the  mechanical 
vibrations  of  nerve,  capable  of  causing  Hre  recorded  changes  in  the 


field 


4 4 

, must  be  order  y 1 c 


■ i ( ■ m 4 

A t 


m*  and  is  easy  to  observe  by 


The  corresponding  calculations  showed  also  that  the  effect  of  the 
intrinsic  conduct  id£j^>  f air  under  any  conditions  remained  negligible. 
From  foregoing  (is  made/the  final  conclusion^  recorded  EAG  are  nothing 
else  but  changes  of  the  potential  of  the  field,  created  in  space  (in 
air)  because  of  electric  processes  in  nerve  d'KfcjJFgth  e passage  along 


it  of  nerve  impulse. 


recording 


rom  the  analysis  of  a 
ing'the  magnetic  fiel 


'serres  of 


From  the  analysis  of  a'serijs  of  the  works,  which  relate  to 


(Krayukhin,  1938,  1948;  Khve 


d component  of  the  action  current  of  nerve 
edelidze,  et*£*/  1965;  Gengerell  i,  1942, 


1943;  Gengerelli  et  al.,  1961,  1964;  Seipel,  Morrow,  1960; 

• • 

Stratbucker,  Hyde,  Wixson,  1963),  it  follows  that  the  positive 
results,  described  in  these  works,  could  be  the  consequence  of  the 
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action  of  electric  field  component  on  the  winding  of  the  induction 


sensors,  electrostatic  screening  of  which  was  not  provided  for.  In 
favor  of  this  confirmation  speaks  tliedTactapa  neV  of  the  obtainod(by 
theiir)  rcsul  ts.  Our  tentative  calculations  show  that  at  the  existing 
values  of  the  achieved, ^etttrbPd  sensitivity  of  magnetic  sensors  (for 
example,  10-«»-10"*  A/m,  per  Valeyev,  1‘>67)  similar  measurements  are 
impossible.  In  all  probability,  by  this  are  explained  clearly  the 
neqat  ive  results,  obtained  by  Khvedelidzo  with  co-authors  (1l)t>b) 
during  their  attempt  to  record  the  field  of  nerve  by  induction 
magnetic  sensors. 


The  total  analysis  of  t ho  different  works,  which  reii te  to  the 
question  of  ®rtw*sei  f-generat  i on  by  biological  ob-jects  of 

elect romag nee ic  low-frequency  fields,  makes  it  possible  *o  make  the 
conclusion  that  the  selected^Vy  us^  mot  hod  ot  recording  these  fields 
precisely  on  electric  component  is,  on  the  basis  of  the  contemporary 
level  of  the  development  of  metrology,  most  successful. 


Investigations  on  muscle  and  heart.  The  muscle  of  the 


isol  at  ed/4wmi  lated  neuromuscular  preparation  (n,  isohia>Ua^s,  m, 
gast  rocnem  i us^^e^y"  di  la»e/exton  led  between  t w c^t^/^^TFo  m 
fiberglass  so  that  muscle  could  not  change  its  length  during 

excitation.  Thi1^'  fed  on  ytop  the  sounding  electrode  of  aura -sensor. 
Nerve  they  ,tti'  i M t ny  single  stimuli.  From  the  obtained  EA«  (Fig. 
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2c,  <1)  it  is  evident  that  i n it  ia  la  y/x  appears  the  field  of  r^etve,  and 
then  - the  field  of  muscle.  El ect r oau ra my ogra m (F  A NO ) h a v?(  recorded 

in  ^ i 

«iat.  di st ances^p  to  2h  cm. 

C^ 

Auragraphic  investigations  on  heart  are  interesting  in  t h-*t 
relation-,  that  the  heart  is  phuw»  i system,  and  no  artificial 
stimulators  for  its  excitation  are  required. 


Page  1t>4. 


Electroauracard  iog  rain  ( E A K C ) above  the  opened  thoracic  cavity  of  frog 
(R.  temporaria)  is  recorded  at  a d i sta licipto  20  irm  in  air  from  the 
surface  of  the  exposed  heart  (Fig.  2e,  f) . Comparison  of  EAKU  with 
FKC.  (elect  rocardiogram)  , obtained  by  the  direct  imposition  of  probe 
on  the  surface  ot  the  heart  ot  the  same  frog,  showed  isomorphism 
and  the  identical  time  charact  er  i st  i cs  (distance  between  the 

agxa*/ vet'tp  xes  of  peaks)  of  both,  i enlo/cTf/d  i »>n.sinna.  The  obtained 
results  attest  to  the  fact  that'jvas  recorded  precisely  «-he 
bioelectric  field,  but  not  the  artifacts,  connected  with  the 
mechanical  pulsations  of  heart.  This  was  confirmed  in  the 
investigations,  carried  out  with  the  aid  of  the  electron  analoque  of 

y 

heart,  whrch  is  mechanically  motionless  voltage  generator  EKii. 
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Electric  fields,  which  appear  around  man  as  a result  of  the  activity 
of  his  heart  and  muscles. 


"fhe  convincing  results,  oLtained  in  experiments  on  the 
isolated/*  nsul^e  1 orqa made  it  possible  to  approach 
towJMFd  investigations  on  intact,  w-u  damn  god/un  in  jured  organisms.  The 
test  experiments  are,  carried  cut  on  frog,^1fot  — »£ — 

distinct  results,  further  investigations  were  conducted  on  man.  In 
this  case  it  was  assumed  tha*  the  body  of  man,  taking  into  account 
his  geometric  dimensions,  is  more  powerful  emitter,  than,  for 
example,  £ tog.  The  most  intense  electric  generator  of  our  body  is  the 
heart.  Thp  amplitude  o f ^ta^^?~FXG  with  direct  roa^^i/^version,  for 
example  leg  - head,  can  reach  % 5 mV. 


Recording  the  EAKG  of  mafrrproduced  in  the  same  shielded  chamber. 

The^tested  was  ayr  a t-w-e-Zl-w  a ted  lying,  cn  soft  1 at  t or  i juj , ( h ea  d ijt 

rested  upon  cushion.  The  experiment  showed  that  most  favorable  for 

the  remova  1/divors  ion  of  F A KG  is  the  space  ov  empa  d of.^f  es  ted.  This 

unexpected  fact,  finds  its  explanation  in  mlt&C&K Jldr^Tfie  structure  of 

the  field  o|  the  heart  of  man;  the  approx imate  ‘^lefcure  of  this  field 

i l*-ve  oft  a i^eiT^we(^b  y the  method  of  modelling  on  electro-conductive 

/-Crv-K 

paper  (Fig.  G)  . Usual  clothing  on  the  body  of  ^tested  virtually  does 


not  impede  the  rem  o va  1/d  i ver-ni  or.  of  EAKG.  Therefore  the  majority  of 
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experiments  was  conducted  onytested  in  their  daily  clothing. 
Recording  of  EAKG  is  possible  both  in  the  absence  amT^w^ei^  the, 
ifjroundinq  of  the  body  of ^tested^rs-pccren t-+*  In  the  latter  case^  wa 


In  the  latter  case^was 


observed  a change  of  amplitude  and  form  of  EAKG  up  to  reverse, 
depending  on  the  place  of  application  of  grounding  electrode. 
Detailed  investigations  were  conducted  under  conditions,  close  to 
natural,  i.e.,  with  the  grounding  of  legs.  The  grounding  of 
immediately  both  legs  or  only  one  did  not  introduce  noticeable 


changes  in  the  form  and  amplit ude£  EKG  from  head  and  EAKG  near  the 


head.  Usually  was  grounded  the  left 


, and  to  right  was  fastened 


electrode  for  simultaneous  record  ing^  EKG  from  legs.  By  this  was 
eliminated  the  distortion  of  field  in  the  field  of  head.  Actually, 
the  recorded  ('oveyh eadJ^EAKG  (Fig.  6a)  underwent  no  noticeable  changes 
depending  on  whether  was  conducted  simultaneous  re m ova  1/dj-vers ion 


from  legs  or  not.  If  both  removal 


siort-s  would  be  conducted  from 


one  place  (for  exanrpLe,  head),  then  three  - dim  ensiona  1/s  pa  ce- 
configuration  i^TTrTavoidably  distorted  by  the  presence  of  the 
conductor,  connected  with  the  (siiDPrijinocpa  thi^  n 1 a r.  e 1 


conductor,  connected  with  the  (superimposed  'xa  this  place/ e lectrodeL 
The  notation  of  simultaneous  recording  of  EKG  from  legs  and  EAKG  near 
head  showed  the  synchronism  of  repetition  periods  and  coincidence  in 
time  of  tooth  points  R of  both,  re mov a Ik^i versions. 
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Fiq.  S.  Frontal  sketch  of  the  aural  field  ot  the  heart  of  man  *U 

on<\of  the  i**F*rtr»y  moine  n t s of  hir  activity  (maxinuim  of  tooth  R)  . 

( > — 

lu^rrale  «e>it  value  of  potential  in  mV;  ai  ro  - the 

direction  of  field  lines.  Man  stands  on  the  conducting  surface 

(eart  h/qrotrrtd)  . 


cootie , w/fr 


/j\t,  ^5cei?5> 

V;  Rvf/I \rr*n**i>—**  n ^ 


‘wnypa,  ?Cm*  am  .rncSn 


1, 


A.1- 


3 


Flu.  f>.  f Elect  roauracard  ioqrans 
raawntl  Alt  frsion  from  the  riijht 


( K A K l » ) 


and  electromyogrtm  (Fid)  of 
of  man.  a ^ elect ro au raqraa , 
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recorded  from  distance  from  the  surface  of  targgd-  30  mm  Af  = 25-50  Hz, 
probe  disk  6 cm.,  entrance  (-),  the  position  of^tested 

lyinq,  in  clothing,  the  left  is  grounded;  bj  the  same,  Af  = 

50-250  Hz,  probe  i & disk  C5  6 cm.  , ^nt/ance  (-)  , the  position  of 

' jJ, 

(tested  lyinj,  in  clothing,  the  left  •s*-rTrt  is  grounded.  Are 
noticeable:  EAMG  and  F A KG ; c J the  electrogram  of  galvanic 


re  bo  va  1/di  version  from  the  riciht 
recording^,  Af  - 10-10000  Hz, 

A 

EKG. 


made  simultaneously  with 
(t).  Are  noticeable:  KMG  and 


Key:  (1).  Heart,  30  mm  from  head.  (2).  Musculature,  30  mm  from  head. 
(3).  Huseulature,  galvanically  from  leg.  (h)  . mV.  (5).  s. 


Page  166. 


A similar  p^ctur.e  w^s  observed  when  probe  came  into  contact  with  the 

surface  i.e„,  during  simultaneous  reccrding^two 

remova  f/4  i vers  4 ■ EKG:  leg  Jir  u leg  and  leg  iww  'a  head.  It  was 
established  that  the  EAKG  is  always  isomorFhous  with  EKG, 

the  point  of  body^,  if 


alact pact /removed  from -nearest  to  the  probe 


only  distance  from  probe  to.su  ffic  ie  nt  ly  convincingly  tifagy  speak 
about  the  fact  that  obtained\recordings  of  EAKG  are 
precisely  bioelectric  field  of  hearty 
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Ir  order  that 


final 


F' 


•>  !'o  convinced  of  the  tact  that  the 


obtained  'tint  at-rrm^  are  not  recordinas  of  the  mechanical  pulsations  of 
the  body  surface  oTj'testod,  was  placed  series  of  scale-model 


experiments.  As  the  source  of  voltaqe/s 


5S  EKG,  tree  from 


mechanical  vibrations,  applied  the  developed  in  us  construction  of 
the  electron/  of  heart,  which  is  the  analog  of  the  elect  ri< 


which  is  the  analog  of  the  electric 


and  functional  processes  gf  heart  muscle  as  a whole.  The  spherical 
glass  bulb,  which  Lau4-a^os  head,  was  filled  with  the  salt 


(phys  iolog  ical)  solution,  in  which  was  immersed  the  iron  core.  From 
the  out  put  /*y4r<H-d  of  the  electron  An  VY  o^sJi  of  hcar^vis"  si^6-ei-/pd  to 
rod  Oui  vo  1 t age/c.t  ress , which  was  os* a bl ish/»-i  nstal  led  by  t tie 


approximat  el  y equal  in  amplitude  to  vo  1 ta  q e/-c. » F!  KG  leg  - Hw  head 

y 

of  man  (several  millivolt).  The  el  ect  r oau  r agr  a ms  wdiich  were  observed 
at  different  distances  fr^>m  bu  1 b/f laste , in  their  f<^>m  and  amplitude 
seemed  not  distinguish'^  at  first  glance  from  the  elect  roa  urag  ram^ 

Oh* 

usually  observed  in  man.  Jttpm  analysis  of  the  obtained  photoaraphs 
showed  that  the  level  of  low-frequency  fluctuations  in  scale-model 


experiments  was  considerably 


-irequp 

i ^ 

IiaJ-ew. 


Consequently,  the  FAG  of  man 


contains  the  supplementary,  besides  EA KG,  information  about 
mechanical  pulsations  and  the  motions  of  his  body,  random  and 
involuntary.  At  the  same  time  the  imposition  of  the  electric  fields, 
caused  by  mechanical  pulsations,  is  not  th-e  factor,  which  blocks 


I 
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record  i ng  ^F  A KG . The  greatest  distance,  at  which  it  was  possible 
(under  our  conditions)  to  obtain  recordings  of  the  EAK3  of  man,  is  25 


< * 7 n r ^ 


Recording  field  in  immediate  proximity  of  the 


muscles  of  man  under  our  conditions  did  not  give  convincing  results. 


Reason  for  this  - intense  1 ow- treguencv  fluctuations  because  of  the 
mechanical  vibrations  of  the  surface  of  the  skin  near  iw 


rvnucvl  (or  strained)  muscles.  Nevertheless  the  electric  field  (in 

[■*?  . j- 

air)  of  thp  [actiojj  pot  en t i a 1 s|  ot  musculature  - el  ect  roaura  my  og  ram 
(EAEG)  of  man  was  reliably  recorded  by  us  under  appropriate 
conditions  of  the  setting  of  experiment.  In  one  of  such  procedures, 
repeatedly  applial  in  public  demonstrations,  was  utilized  the. 

v* 

remarkable  phys  iol  o gica  1 special  f ea  t n re/-pecn  1 iar  it  y of  our  «w»-4iiiap 

(y/ 

to  effectively  distinguish  signals  against  the  background  of  intense 
fluctuation  nois°s.  In  this  case  was  utilized  the  connected  the 

~ J-  " 

out  put/yied-d  of  oscillograph  sound  producing  « <"wq — • 


. A A. 

The  experiment,  in  which  it  was  possible  to  documentary  record 


the  EA1G  of  man,  consisted  of  the  following.  The  tested  was 

^ 7 


ac  ra  iig^/d  oca  ted  within  the  shielded  chamber. 


under  the 


same  conditions  as  during  recording  FAKG.  The  prpbe  of  . aur  a-sensoi; 

Lw'T*-  JL  — /a. 


W*-  JL 

arranqe/1  oca  ted  1 cm/  above  the  surface 

7*  hj^yg  rounded , and  the  fastened  (-W-ith-  the  rig 


' . The  left 


c 

l g h t stHt 


•XXt 


st«»7  electrode  t^*y 
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connected  with  tha  ^ntjAnnp  of  the  preamplifier  of  the  second  light 
beam  of  osci lloor a ph.  To  tested  they  proposed  tc  rapidly  strain  and 
<**>  weaken  the  musculature  of  legs,  remaining  as  far  as  possible 
motionless.  On  the  obtained  electroauragrams  (Fig.  6b)  ad — 
sinultanoo usly^ visible ; the  FA  KG  of  heart  and  FA'IO  of  the  strained 
muscles  of  legs,  which  coincides  in  time  with  that  which  is 
abo4eagt /r omoved  simultaneously  from  the  right 


C/ 

(electromyogram  of  'w^uryd^emoval/d-i-VArseio-ft)  (Fig.  6c)  both 
interval  of  duration  and  on  separate  peaks. 


electro myograms 


on  an 


Page  167. 


Consequently,  the  electric  field,  whicn  appears  because  of  the 
biopotentials  of  the  musculature  of  legs,  radiates 

simultaneously  by  an  entire  body  surface  a rd  can  be  recorded  in  the 
itger- 1 head.  The  distinctive  special  feat ure/p<acu liai-i-t y of  the 
field  of  musculature  consists  in  the  fact  that  it,  apparen tty~5*i*»«. 
the  range  of  comparatively  high  frequencies  (to  150  kHz),  discovered 
with  usual  contact  removal/di  version — (Volkers,  Candib,  196  0). 


Low-freguency  electric  fields, 
insects,  birds  arnYan  imal  s. 


which  appear 


tliueip-g- 


the  motion  of 
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Our  assumption  about  the  fact  that  wings  of  insects,  Dlumage  of 
birds  and  hair  of  animals,  being  charged  with  their  motion  and 
friction  against  each  other  by  electrostatic  charge,  must  radiate 
electromagnetic  waves,  was  completely  confirmed  experimentally. 


Recordings  of  elec t roauragrams  were  conducted  on  oscilloscope  , uL 
in  parallel  with  audition  at  the  sound  producing#»ti» ing  up.  $ie  of 


the  first  subjects  of  our  investigation  was  bumblebee  (Bombus 
hortorum  L.)  , whica  was  placed  inside  the  shielded  chamber  with  th-a-t 


wh  ich  -4*as  e».tahl-rs-^/inst  ailed  in  it  [aura- senso^.  It  is 


re vea. 


reefed-  that  the  bumblebee  in  free-air  cond  it.  ions  . is  a 


comparatively  powerful  radiation  source  of  ae/fields  in  the  range  of 

sonic  and  subsonic  frequencies.  The  electroaurjgra  ms  (FAG)  of 
bumblebee  were  recorded  distant 


ices  from  mto  1 m. 


The  experiment  convincingly  showed  that  these  recordings  were 
not  connected  with  the  sound  vibrations  of  air.  so,  the  inclusion  of 


bumblebee  under  ca p/lipod  from  the  metallic  grounded  grid  completely 
removed  effect,  wh  fTe  fcall — jar  (not  atall'did|  eot  a4tenuat^*/weaken 


it.  But  as  soon  as  above  — j^r't^ga i n put  on  metallic  cap/-h^ed 

(from  gr id) , field  * <1  isappeared.  Analysis  of  the  EAG  of  bumblebee 
(Fig.  7b)  wri  t tT*r>  simultaneously  with  its  sound  track  (Fig.  7a)  (by 
sfi-tablishe4^irstalled  in  the  chambeLynTicrophont^)^,  4K 


* 


means  of  the 


12 
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showed  tha*  the  f u » »1  a m o n » a 1 freauencies  of  the  vibrations  of  field 
and  of  the 


|i_ssued  by  w ings  (sou  nd/coinc  ide.  At  the  same  time  there  are 

considerable  differences  in  the  which  one  must  explain.  The 

flight  of  bumblebee  simultaneously  was  accompanied  by  the  intense 

fluctuations  of  field  in  the  ITJfrge  of  ultralow  frequencies  (0.  1-1 

Hz),  which  w«re  recorded  with  dial  instrument,  it  was  established 

that  the  bumblebee  is  the  secluded  ' a rtuMH).,  ’a.  1 ways  positive  charge, 

which  creates  on  tho  surface  of  its  body  potential  «fvalu^i»or<>  than 

]/ 

♦ 10  wU  Simultaneously  the  bumblebee  is  t-4*e  dipole,  which  radiates 


with  th 

the  pedicles  of  insect  with  the  grounded  metallic  surface  does  not 
remove  "dipole"  effect,  ♦herofore,  it  is  connected  with  the 


g frequency  of  the  stroke  of  wings.  The  galvanic  contact  of 


electrostatic  charges  of  wings.  Are  made  the  experiments,  in  which 
bumblebegr  initially  wholly  wetted  by  water  (wetting  with  water 

completely  eliminates  all  electric  effects).  After  drying  and  the 
short-time  flight  of  insect  the  '4?£<AA\V  v of  ua  issioav/rad  iat  ion 
gradually  was  reduced  to  the  usual.  Are  obtained  t h f EAG 
under  the  different  flight  conditions  of  bumblebee.  Their  analysis 
shows  that  the  EA3  of  insect  contains  detailed  information  about 

the  state  of  its  flight,  aerodynamic  properties,  the  direction  of 
course,  the  distribution  of  electric  charges  on  body,  etc.  However, 
this  information  still  one  must  learn  to  decipher. 


Analogous  results  are  obtained  on  some  other  winged  insects:  on 
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wasps  - Pspudovespa  vulgaris  flips  - Calliphcra  erytrocepha la  Mg* 

and  Petina  Mg>i/aTlTr^i^Tgas~~ Aedes  communis  De  Geer  (determination  of 

torm/s pec i es  is  carried  jout  A.  Kh.  Saulich).  Among  investigated  by  us 

. 4-v-^r 

insectsi)£  was  noTrmj^  attc h» — whTTee^-'e mi ssio n/ra d la t ion  is  absent. 


Paqe  168. 

Animals  are  not  only  active  emitters,  but  also  passive,  that 
radiate  under  the  action  of  the  -fall  imj/incident^on  them)  sound,  in 
other  words,  they  are  electrostatic  microphones.  These  our 
assumptions  also  were  confirmed  experimentally.  It<^ur<ne^^iqt^that 
the  body  of  living  and  dead  insects,  plumage  of  birds  and  rind-  -b^n 
/txlee- a beaS^  r-ciall  v/ac»  uall-v-  the-v  -ra-dia  te  ^/^fTplTs  with  t ho 


the  boc 


/&**>*-  beast'  c^ally/ac*  Ujallj^  the-y-c»4ia  te  a^^fTelds  with  the 
frequency  of  the  falling/incident  (on  them^sound,  reproducing,  for 
example,  t he^M*r=l-  of  man.  We  investigated  te  microphonicl^totae^w^c 
of  jay  - Larrulus  glandariusL^J^he^^il  be-lt  ^rs^Tetrao 

urogallus  L,  t a i 1 <i^al^Sciurus  vulgaris  C ffhe  tail  of 


urogallus  L,  tail  g^g*  otero  ug^ad^Sciurus  vulgaris  L.(t  he  tail  of 
white  hare  Lepus  timidus  l. 

The  body  of  man  completely  is  not  except  ion/p  limiTi.i  l*  on  in  the 
relation  to  similar  phenomena.  For  example,  the  wrist,  presented  to 
the  prohg*  of  aura-sensor,  revea l^eteets  the  difference  in  its  back 


and  julXl  surface.  The  back  side,  on  which  there  is,  a hair  , 

j/rTtag  ueent  , ig  puff  of  air  gene  rd'tes  LlsVau  di  bl  e 
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throuqh  the  loudspeaker  as  "Vfrnt  , rfoTS  r surface  "keeps 


silent".  The  aura- sensor 


led  outside  the  shielded 


chamber,  reacted  to  the  most  insignificant  notion  of  the  i-ocating 

*<  ^ -<(><_  Og rW— 

iit4mrr  visitor]  which  was  recorded  with  dial  instrument.  Under  some 


conditions  was  recorded  the  presence  of  man  in  adjacent  room  with 
enclosed  door. 


1 
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Eiq.  7.  Simultaneous  not-at  i Cnof  e lect roa u rag r am  and  sound  t rur*.  of 
bumblebee  in  free-air  conditions,  and  also  the  .notaticm^of  the 


VHKVk*  ^ \ — 

elect  roma-j  net  ic  radiation  ot  d t xff  midge.  a J ic.  a sound 


-e*v*d^v 

rear'*  (i 


from  microphone)  of  bumblebee  in  flight  from  d ist  a nee  ‘ a ppr  ox  i ma  tel  y 
*>-10  cm.;  b ^ the  e lect roau raqram  written  simultaneously  P&**- 
(bumblebee  was  located  approxi  mat  el  y in  10  cm^  from  the  probe  of 
aura-sensor)  , At  = 100-  1000  Hz ; (t).  Microphone  and 


ra-sensor  at  e ^ppewd  to  d i :^t  anc^*^  d r>  rnt^,  probe  - dowel  4 cm/  lon<j 

pirte  A 


aura 

h.  1 mm,  for  a mirrophonic  e'nt Vance  Af  = 1 0-  10000  Hz,  without  taking 
into  account  Mie  frequency  characteristics  of  the  v-ee-y  microphone  ; 
(of  type  MP-47).  The  calibration  of  amplitude  is  shown  only  for  b; 
the  calibration  of  time  for  a and  b is  identical;  c^fc~ 
electromagnetic  radiation  of 


Key:  (1).  bumblebee,  (d).  osc./s.  (1).  Microphone.  (4).  Aura-sensor. 
(r>)  . mV.  (b)  . ms.  ( ?)  . { 


Page  1bl). 

The  mechanical  vibrations  of  the  charged  parts  of  the  body  of 

animals  can  appear  not  only  from  the  Xa  11  ing/i nci.de nt  on  them  sound 
or  active  motioiy  but  also  from  the  action  of  electromagnetic  waves. 
Tn  this  rase  cany  a p pea  r' t he  secondary  electromagnetic  radiation. 
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General izimj  these  experimental  results  on  all  animals,  we  jbf 

assert  that  there  is  still  not  an  investigated  in  detail  class  of 
signals  of  living  nature  - the  electromagnetic  radiations  of  the 
charqed  parts  of  their  body  during  motion.  The  informational  value  of 
these  signals  still  |n o t;  is|  opened.  We  assume  that  |appears  the  new 
possibility  of  the  explanation  of  the  value  of  some  forms  of  plumage 


of  birds,  hair  of  animals  and 


of  the  body  of  insects.  These  are 


not  only  the  visually  visible  form,  but  also  the  electric  form,  which 
creates  electric  aura,  possibly,  informational  signals. 


A/cogi^r  of  the  experiments,  placed  for  the  purpose  of  the 
detection  of  the  electric  field  of  the  biopotentials  of  the  brain  of 
man,  ma  yiel ded^posit ive  results.  Supposedly  the  intensity  of  this 
field/W  two  orders  lower  than  threshold  sensitivity  of  our 
equipment.  Searches  in  this  direction  are  continued. 


The  conclusion 


comparisan  of  the  technical  parameters  of  the  amplifier  of 


aura-sensor  attests  to  the  fact  that  seme  cf  the  already  described 
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of  similar  type  ^ampli  f iers  completely  could  be  used  for 
record  inq^the  electric  fields,  appearing  in  space  (in  air)  around 

4 

bioloqical  objects.  Meanwhile  there  is  cnly  work,x1949,  which 

to  recording  the  electric  field  coyronent  of  nerve  (Burr, 


Mauro,  1947).  Apparently,  this  position  of 


cww»  should  be 


explained  by  the  fact  that  the  concrete  formulation  of  this  problem, 
until  now,  was  absent  and  systematic  studies  in  this  direction 
/initiated  were  not/. 


The  results  of  our  own  experiments  speak  first  of  all  about  the 
fact  that  the  bioelectric  field  is  the  carrier  of  tek*-  diverse  data 
about  the  functional  state  of  bioloqical  object,  and  the  reception 
and  proressinq  of  this  information  are  completely  possible  3 wr  irrq  the 
utilization  of  contemporary  techniques. 


Bioelectric  field  makes  it  possible  to  control  at  a distance 
physical  instruments.  For  example,  the  electron  beam  of  the 


cathode-ray  oscillograph  of  our 


c was  controlled  at  a 


distance  by  the  means  of  the  field  of  heart  and  musculature  of  man. 
It  is  possible  to  present  the  construction  (in  the  future)  of  the 
machines,  controlled  at  a distance  by  the  bioelectric  field  not  only 
of  heart  and  musculature,  but  also  brain. 


Kven  now  auragraphy  can  find  some  practical  application* 


i 
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for  example  aural  removal/*!-* 


n EKG  of  heart  for  diagnostic 


-taegefc/pucpo ses.  In  this  case  the  procedures  of  the  removal  of 
clothing  and  imposition  of  electrodes  on  body  are  absent. 


remova. 


:an  generally  be  realized  without 


patient.  By  this  are  eliminated  the  mental  factors,  which  exert  fctee 
sometimes  traumatizing  influence  on  patient.  Aural  removal  /diversion 


car  find  use  for  recording  electrocard iogr am 


-soa  Id/ burns  of 


the  body,  when  the  imposition  of  electrodes  on  the  body  of  casualty 
is  impossible,  and  least  touch  to  body  sometimes  causes  shock. 
Definite  interest  is  the  systematic  side  of  the  aural 
remova  1 /d  when  recording/vbiopotentia  Is  at  a distance, 

without  direct  contact  with  the  object  being  investigated,  creates 
adv  antages  when  conducting  elect  roph  ysiolog  ical 
investigations,  especially  on  single  structural  <iel-l/el erne nt s. 


Page  170. 

Are  tempting  the  prospects  for  recording  biocurrents  of  such  objects, 
the  direct  removal  /Hi  ku  s ion  of  electrogram  of  which  h-idida  r/ha  mper  ed 

y,  > v 

or  is  impossible,  for  example,  in  insects  and  birds  in  flight., 
those  which  were  surrounded  by  the  solid  shell  of  the  egg  of  embryos, 
etc.  For  the  flying  anima^and  insects  the  electromagnetic  field  can 
serve  as  the  sub^t^nce  of  information  with  attack  and  protection.  It 
is  possible  t hs  t*j  ba  t’  besides  ultrasonic  location  manage 
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elect rol oca t ion , but  th^ir 


A J 


(insects)  can^inform  >about  the 


approac 


of  plunderer  by  the  electric  charges,  which 


appear  on  the  body  either  of  plunderer  or  victim. 


Upon  meeting  during  the  flight  of  insects  the  charges  of  their 


body  interact  according  to  the  law  of  Coulomb,  fce 


being  attra 


eing 


to  each  other.  In  air  this  force  of  reaction 


can  have  x value.  Insects  and  birds  can  perceive  it  in  the  form  of 
mechanical  ierHe/im pulse,  pressure,  acceleration.  Electric  field  does 
not  depend  on  air  flow  direction,  and  <<*  its  propagation  velocity  is 
equal  to  the  speed  of  liaht.  It  can  serve  for  the  correct  qrouping  of 
birds  in  the  flocks,  animal  in  the  herds,  insec!^^ in  ^nhes^wacT^r  as 


nirns  m the  tiocxs,  animal  in  the  herds,  insect  in  •s.y  n hos«ar,  or  as 
the  electrostatic  trap  of  insects.  It  is  completely  possible  to  allow 
existence  in  the  body  of  some  animal  special  receptors  of  electric 
aural  field. 


The  charged  hair  of  head  and  skin,  beard,  whiskers,  the 
eyelashes  and  ttee  eyebrows  of  man  not  only  radiate  electromagnetic 


and  acoustic  waves,  ^but  also  they  receive  them.  These  signals  are 
tela*ed  to  the  of  super-weak  irritants,  and  we  then  do  not 

perceqp  /conscio usl y . But  unconscious  perception  cannot  be  excluded. 


perceq 


and  it  can  play  mk>  leading  role  in  our  life. 


The  generalization  of  the  results  of  the  conducted 


-r 
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investigations  leads  to  *he  conclusion  about  the  fact  that  the 
electromagnetic  low-frequency  eiiL±**--*ei¥/radidt  ion  represe  t(&  an 
extensive  class  of  phenomena  in  living  nature.  Therefore  for  the 

expansion/disclosa re  of  all  possibilities  ot  auragraphy  is  necessary 
general  biological  approach  to  research  on  the  examined  phenomena. 


Concl usions 


1.  Finally 
electromagnetic 


it  is  experimentally 
low-frequency  field 


establis 
of  living 


frying* ailed  that  the 
objects  real ly/actually 


exists. 


it 


2.  Recording  and  b+re  measurement  tHfe  weak  low-frequency 

electromagnetic  f i e Id  s , ^whi^ch^  ap  p^r  in  space  around  active  living 

objects,  are  possible  by  the^measu rement  of  the  electric  component  of 

'■ST3 * 5 ** 

near  field  in  air,  by  applying  the  contemporary  h igh  -i  mpedance 
high-speed  electrometric  amplifiers. 


3.  The  reasons  for  the  formation  of  electric  field  around 

biological  object  axe  different:  t.hea  they  can  appear  as 

physiologica^-'a^'al.so  physical  factors.  The  respectively  recorded 

fields  can  be  divided7*^  tvc  groups:  the  fields,  which  ate  generated 

because  of  the  bioelectric  activity  of  living  tissues;  the  fields. 


DOC  = 77159100 


PAGE  ^ 


which  are  generated  because  of  the  mechanical  vibrations  of  the 
charged  parts  of  the  body. 


4.  The  value  of  the  electric  potential  of  field  in  space  around 

biological  objects  (in  air)  in  the  general  ea»c  decreases  ^ 

proportion^  to  square,  and  intensity/slr  eiigt  h - to  the  cube  of 
distance. 

5.  it  is  experimentally  proved  that  the  vital  activity  of  living 
beings  is  exhibited  also  in  the  form  of  theueneratable  or 
electromagnetic  fields,  which  are^-s^^^^Tin  space  far  beyond  the 
geometric  limits  of  their  bcdy. 


Page  171. 
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